Background: A recent assessment of childcare in OECD (Organisation for Economic Co-operation and Development) countries highlighted the potential for childcare to widen inequalities. Although childcare offers a potential setting for obesity prevention, little research has analysed the association between childcare and overweight, particularly in different socio-economic groups. Objectives: Our primary objective was to explore the association between childcare and overweight (including obesity), both overall and by socio-economic background, in a contemporary UK cohort of children at age 3 years (N ¼ 12 354). Our secondary objective was to explore infant feeding as a potential mediator between childcare in infancy and overweight at age 3 years. Results: After controlling for confounders, children who were cared for in informal childcare (75% grandparents) between the age of 9 months and 3 years were more likely to be overweight than those cared for only by a parent (adjusted risk ratio (aRR) ¼ 1.15, 95% confidence interval (CI) 1.04-1.27), particularly if they were in full-time childcare (aRR ¼ 1.34, 95% CI 1.15-1.57). When stratifying by socio-economic background, the increased risk of overweight in informal childcare (compared with parental care) was limited to children from more advantaged groups: those whose mother was from a managerial or professional background (aRR ¼ 1.23, 95% CI 1.02-1.47), had a degree (RR ¼ 1.43, 95% CI 1.13-1.83) or lived in a couple household (RR ¼ 1.18, 95% CI 1.06-1.32). There was no association between formal childcare and overweight. Infant feeding did not mediate the association between childcare use in infancy and overweight at age 3 years. Conclusions: Children from more advantaged families who use informal childcare are at increased risk of overweight. The UK government's drive to support parents into paid employment should be accompanied by health-related information and support for both informal and formal carers. As the majority of informal carers were grandparents, the recent government announcement to provide grandparents with National Insurance credits for caring for grandchildren provides a potential opportunity for health promotion. ; childcare therefore has the potential to be a valuable setting for obesity prevention.
Introduction
Nearly one-quarter of preschool children are overweight or obese, [1] [2] [3] [4] with higher rates observed in those living with a lone parent 5 or in more deprived areas. 3, 6 A recent review of overweight and obesity in infants and preschool children highlighted an urgent need for research and policies on the prevention and treatment of overweight and obesity in this age group. 7 Approximately 80% of 3-to 6-year-old children and 25% younger than 3 years living in OECD (Organisation for Economic Co-operation and Development) countries are now in some form of early childhood education or childcare 8 ; childcare therefore has the potential to be a valuable setting for obesity prevention. 9 Childcare might influence weight status through affecting infant feeding (such as the propensity to breastfeed) and the diets and physical activity levels of toddlers. However, there is little research analysing the association between childcare and overweight, 10, 11 particularly in the United Kingdom.
Three US-based studies found that children cared for in informal childcare were at an increased risk of overweight. [12] [13] [14] In contrast, two studies set in Japan using the same cohort found no association between childcare (informal or formal) and obesity, 15, 16 whereas another US-based study found that formal childcare had a protective influence. 17 An assessment of childcare in OECD countries recently highlighted its potential to widen inequalities, if children from wealthier backgrounds benefit from better-quality childcare than those from less-affluent backgrounds. 8 However, only two studies to our knowledge have explored measures of affluence as potential effect modifiers of the relationship between childcare and overweight, with inconclusive results 17, 18 .
We analysed the association between childcare use between the age of 9 months and 3 years and overweight at age 3 years, both overall and in different social groups, in a contemporary UK cohort. We also explored infant feeding as a potential mediator between childcare use in infancy and overweight at age 3 years.
Subjects and methods

Subjects and design
We examined data from the Millennium Cohort Study, a longitudinal study of children born in the United Kingdom between September 2000 and January 2002. A stratified clustered sampling design was used to over-represent children living in the three smaller UK countries (Wales, Scotland or Northern Ireland), disadvantaged areas and those with high proportions of ethnic minority groups. 19 Interviews were carried out by trained interviewers in the home with the main caregiver, who was usually the mother. The first sweep took place when the cohort was of the age of 9 months. Information was collected on 72% of those approached, giving 18 296 singleton infants. 20 Of the original 18 296 singleton infants, 14 630 (80%) took part in the second sweep when the children were approximately 3 years old. Those who did not take part in the second sweep were more likely to be from an ethnic minority background or a more disadvantaged household, although because of the sample design, these proportions remained higher than the general population. Those who did not take part in the second sweep were also more likely to be cared for only by a parent between birth and 9 months of age (70.7%) than those who did (65.3%, Po0.05). They were also less likely to be cared for in formal childcare (7.4% compared with 12.2%, Po0.05). Weights were used to take account of the initial sampling design and differential response at the second sweep. Ethical approval was received from the South West and London Multi-Centre Research Ethics Committees for the first and second sweeps, respectively. 21 The present analyses did not require additional ethics approval. This paper presents analyses based on data from children who were included in the first and second sweeps, excluding respondents who were not natural mothers (n ¼ 196), leaving a sample size of 14 434. Of these, 12 354 had complete childcare and height/weight data.
Obesity
Trained interviewers weighed the children when they were of age 3 years, without shoes or outdoor clothing, using Tanita HD-305 scales (Tanita UK Ltd., Middlesex, UK), and weights were recorded in kg to one decimal place. Heights were measured with the Leicester Height Measure Stadiometer (Seca Ltd., Birmingham, UK) and recorded to the nearest mm. Childhood overweight (including obesity) was defined by the International Obesity Task Force cutoffs for body mass index.
Infant feeding
At the first sweep, mothers were asked whether they had initiated breastfeeding and if so, how long they had breastfed for. We examined breast-feeding, categorized as never breastfed, breastfed for o4 calendar months (o17.4 weeks) or breastfed for X4 calendar months (X17.4 weeks), as at the time of the Millennium Cohort Study births, this was the minimum duration recommended by the World Health Organisation. 22 We also explored the age at which the mother introduced solids using the same 4-month cutoff, based on the UK government recommendations at that time.
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Childcare Information obtained at the first sweep was used to determine childcare use between birth and 4 months. Information on childcare between 9 months and 3 years was collected at the second sweep. Mothers reported whether they had made regular childcare arrangements and if so what the main arrangements were. In cases in which the mother has used more than one main childcare arrangement, the childcare in which the infant had been for the longest duration was used. Childcare type was classified 'informal' if the infant was cared for by a friend, neighbour, grandparent or other relative, babysitter or unregistered childminder; and 'formal' if they were cared for in a nursery or childcare centre, or by a childminder (not reported as being unregistered), nanny or au-pair. Children who had not been cared for in childcare were classified as being cared for only by a parent. Informal and formal childcare that lasted for o10 h a week on average was reclassified as being cared for only by a parent, as these shorter periods of childcare would be unlikely to affect infant feeding, diet and physical activity to a degree that would influence weight status.
lived. Social class of the mother was assessed using the National Statistics Socio-Economic Classification (NS-SEC), which was provided at the first sweep, and was collapsed into three categories: managerial and professional, intermediate, and routine and manual occupations. Highest maternal educational qualification, which was collected at the first sweep, was classified as having no educational qualifications, GCSE (General Certificate of Secondary Education) grades D-G, GCSE grades A*-C, A Levels, Diploma, or Degree and above. Children whose mothers reported being long-term unemployed or having never worked were excluded from the analyses that were stratified by NS-SEC but were included in all other analyses. Correspondingly, children whose mothers who had 'other' educational qualifications, such as qualifications from overseas, were excluded from the analyses that were stratified by education. Lone parenthood was categorized as being a lone mother or being part of a couple household at the second sweep. Finally, in children living in England only, we explored area deprivation using the Index of Multiple Deprivation 2004, measured at the super output area level. 24 Millennium Cohort Study children were classified, using their home postcode at the second sweep, according to the national quintiles.
Potential confounders
We explored a range of potential confounders that were identified in previous analyses as being related to overweight 5 : maternal pre-pregnancy overweight, the mother's ethnicity, number of children living in the household, whether the mother smoked during pregnancy and the child's birthweight z-scores (calculated using the British 1990 growth reference, adjusted for gestational age and gender) and also maternal age at first live birth. These were all captured at the first sweep, except for number of children living in the household, which was taken from the first sweep for the analyses exploring childcare in infancy, and at the second sweep when exploring childcare between 9 months and 3 years.
Analysis
Childcare and obesity at 3 years. We used Poisson regression to estimate unadjusted risk ratios (RRs) for being overweight at age 3 years, according to whether the child was cared for in informal and formal childcare between the age of 9 months and 3 years, compared with those who were cared for only by a parent. We then calculated adjusted RRs (aRRs), controlling for maternal pre-pregnancy overweight, the mother's ethnicity, number of children living in the household, whether the mother smoked during pregnancy, the child's birthweight z-scores and maternal age at first live birth.
These analyses were then repeated separately for children cared for in childcare for 10-30 h a week (part time) and X31 h a week (full time), to examine whether the risk of obesity was different for children spending more or less time in childcare. We next repeated the analyses for each stratum of the socio-economic measures to explore the association between childcare and obesity in different socio-economic groups.
Infant feeding as a mediator. To explore whether infant feeding (breastfeeding at X4 months and introducing solids at X4 months) mediates the association between childcare and overweight, we first estimated RRs for being overweight at age 3 years according to childcare use before the age of 4 months. We calculated unadjusted RRs for overweight according to childcare type, and then we controlled for the same confounding characteristics used previously and also lone parenthood, NS-SEC and maternal education (as we did not stratify by these measures in this particular analysis). We next added breastfeeding and introduction of solids into the model, with the assumption that any changes to the risk ratios for being overweight or obese would indicate potential mediation. We also repeated the analysis, limiting it to those children who had been cared for in the same childcare type at the age of 4 months and 3 years (to limit the influence of subsequent childcare types).
All analyses were conducted in STATA/SE 10.0 (Stata Corporation, College Station, TX, USA), using survey commands to take into account the sampling design and attrition at the second sweep. Data were obtained from the UK Data Archive, University of Essex in April 2008.
Results
Description of the cohort
Between birth and 4 months of age, 6% of children were cared for in informal childcare for at least 10 h a week and 2% were cared for in formal childcare (Table 1) . At the age of 3 years, almost one-quarter of children had been cared for in informal childcare since the previous sweep (at age 9 months), and three-quarters of informal carers were grandparents. Just over one-fifth had been cared for in formal childcare. Approximately one-quarter of children were overweight or obese at age 3 years. One-third of infants had been breastfed for at least 4 months, and two-thirds were introduced to solids no earlier than 4 months of age. The socio-demographic profile of the cohort was as expected, given the sample design, with relatively greater numbers from less-advantaged backgrounds.
Childcare and obesity at age 3 years Table 2 provides the risk of overweight for children who were cared for in informal and formal childcare, compared with those who were cared for only by a parent. Unadjusted and adjusted RRs are presented overall, according to hours spent in childcare per week, and stratified by the measures of socioeconomic background.
Childcare and overweight in the early years A Pearce et al
Overall association
Informal childcare was associated with an increased risk of overweight, both before and after adjustment. There was no significant difference in overweight between children cared for in formal childcare and those cared for only by a parent.
Stratified by hours spent in childcare When stratifying by hours spent in childcare, the increased risk in informal childcare was only observed for those who were cared for full time. This remained the case in the adjusted analyses.
Stratified by socio-economic background When stratifying, the elevated risk observed in informal childcare was observed only in the most advantaged groups, before and after adjustment. Children, whose mothers were from managerial and professional backgrounds, were educated to the degree level or above or were living as part of a couple, were more likely to be overweight if they were cared for in informal childcare, compared with children from the same socio-economic strata who were cared for only by a parent. An increased risk of overweight in informal childcare was also observed for children living in the middle quintile of area deprivation. There was no significant difference in overweight between children cared for in formal childcare Childcare and overweight in the early years A Pearce et al and those cared for only by a parent in almost all of the strata.
Care by grandparents
When differentiating between care by grandparents and other informal care, we found that the increased risk of overweight was only significant in children who were cared for by grandparents (Table 3) . When the analysis was stratified by time spent in childcare, both part-time and full-time care by grandparents was associated with an increased risk of overweight, and an increased risk also emerged for other informal childcare, if it was full time.
Childcare and infant feeding at 4 months, and obesity at 3 years Table 4 presents the RRs for being overweight according to childcare use before the age of 4 months for at least 10 h a Childcare and overweight in the early years A Pearce et al week. In the unadjusted analyses, children who were cared for in informal childcare were more likely to be overweight than those who were only cared for by a parent. However, after controlling for confounders the association disappeared and it was not further affected by controlling for infant feeding. Exploring the association in those who had been cared for in the same main childcare type at age 4 months and 3 years indicated that children who had only been cared for in informal childcare were also at an increased risk of overweight when compared with those who had only been cared for by a parent. The size of the increased risk was not altered when controlling for confounders. The association remained after controlling for infant feeding (although with some reduction of power), indicating that the elevated risk experienced by children who have been cared for in informal childcare before age 4 months is not explained by lower rates of breastfeeding or the early introduction of solids.
Discussion
Strengths and limitations
We explored the association between childcare and overweight and in relation to infant feeding in a contemporary UK setting. To our knowledge, this is the first study to have explored this association. Furthermore, we analysed the association in different socio-economic groups, and we differentiated between formal and informal types of childcare, including care by grandparents. It is possible that the small sample sizes in some of the subgroups limited our ability to detect an effect. We were able to use an objective measure of overweight. Childcare was based on maternal report and this may be subject to recall bias. Furthermore, the measure of childcare that we used was based on the main childcare type used for the longest period of time. Approximately 12% of mothers who reported using childcare had used two main arrangements since the child was of age 9 months, and 28% used subsidiary childcare in addition to the main childcare. We repeated the overall analyses between childcare and overweight for those who used only one type of childcare and the unadjusted and adjusted associations were very similar to those reported in this study, although with some reduction in power (data not shown). Mothers were not asked about diet or physical activity in either of the Abbreviations: BMI, body mass index; CI, confidence interval; F/T, full time; NS-SEC, National Statistics Socio-Economic Classification; P/T, part time; RR, risk ratio.
a Adjusting for maternal age, ethnicity, number of children in household at age 3 years, pre-pregnancy maternal overweight, birth weight, smoking during pregnancy, NS-SEC, maternal education and lone parenthood. *Pp0.05. Missing: BMI, 1247; childcare, 926; NS-SEC, 176; maternal education, 31; maternal age at first live birth, 428; ethnicity, 31; maternal pre-pregnancy overweight, 886; birthweight z-score, 169; smoking during pregnancy, 60; no. of children in household, 51. Adjusting for maternal age at first live birth, ethnicity, number of children in household at age 9 months, pre-pregnancy maternal overweight, birthweight, smoking during pregnancy, NS-SEC, lone parenthood and maternal education.
b Categorized as never breastfed, breastfed for o4 months and breastfed for X4 months. Whether the mother introduced solids after the age of 4 months (yes, no).
d In order to limit the potential effect of subsequent childcare types. *Pp0.05. Missing: BMI, 1247; childcare, 926; NS-SEC, 176; maternal education, 31; maternal age at first live birth, 428; ethnicity, 31; maternal pre-pregnancy overweight, 886; birthweight, 169; smoking during pregnancy, 60; breastfeeding duration, 15; age at which solids introduced, 12; no. of children in household, 51.
Childcare and overweight in the early years A Pearce et al interviews and hence we were unable to explore whether these varied by childcare type. We were also unable to analyse the characteristics of the informal carers, including grandparents.
Comparison with other findings Similar to ours, three studies based in the United States reported that those who were cared for in informal childcare were at a higher risk of overweight than children who were cared for only by a parent. One study analysed the effect of childcare type upon infant feeding habits and weight gain at age 9 months and found that infants who were cared for in informal childcare had gained more weight by the age of 9 months. 13 The second study explored the association between weight when entering kindergarten and childcare use over the previous year and found that those cared for in informal care were more likely to be obese. 18 A further US study exploring place of childcare found that children who were cared for in someone else's home (but not in a centre or by a carer in the child's own home) between birth and 6 months had greater weight-for-length at age 1 year and higher body mass index z-scores at age 3 years. 14 The researchers concluded that this may be because care in someone else's home is less likely to be regulated than childcare centres and that carers are less likely to follow parents' feeding advice or requests than if it was in the parents' home. A US-based study that explored the association between childcare between the ages of 3 and 5 years and obesity at age 6-12 years 17 found that those who were cared for in centre-based childcare were less likely to be obese than children who were cared for either only by a parent or by an informal carer. The decreased risk observed in formal childcare may be explained by the inclusion of informal childcare in the baseline. A review of risk factors for childhood obesity 11 identified two studies of the same Japanese cohort that explored the effect of nursery school attendance and being cared for by a father or grandparent on overweight in preschool children and neither found that childcare was linked with overweight. 15, 16 However, one of these 15 found that children who were cared for only by their mother or who attended kindergarten were less likely to snack at irregular times (when compared with being cared for by the father or a grandparent) and those who were cared for only by their mother were more physically active. We were able to explore informal childcare in more detail and found that children cared for by grandparents appeared to be at a greater risk than those looked after by other informal carers. However, when we stratified by time spent in childcare, the increased risk was observed in full-time childcare provided by other informal carers as well as part-and full-time care by grandparents. Two studies explored the association between childcare and overweight by measures of poverty and income and neither found a significant interaction. 17, 18 However, we explored the association within the strata for each of the socio-economic measures and found that children whose mothers had higher educational qualifications, were from managerial and professional backgrounds or who lived with a partner were at increased risk of obesity if they were looked after in informal childcare, whereas those from lessadvantaged backgrounds were not. These differences were not observed in the analyses stratified by area deprivation, implying that the differential effect of childcare operates at a household rather than area level. Two of the studies reported in this study explored infant feeding as a potential mediator between childcare and weight status. 13, 14 The first study concluded that infant feeding did not mediate the association between childcare and weight gain in infancy, although using cross-sectional data may have limited its ability to detect such an effect. 13 The second study found that the association between care in someone else's home in the first 6 months of life and adiposity at age 1 and 3 years was mediated slightly by breastfeeding duration. 14 When we explored infant feeding as a potential mediator between childcare in infancy and overweight at age 3, we found that it did not mediate the association.
Implications for policy, practice and further research
The current UK government childcare strategy aims to increase the proportion of childminders who are registered and therefore regulated. 25 However, the majority of informal carers in this study were grandparents (and not unregulated childminders), and this is confirmed by other national data. 26, 27 Free formal childcare places are available to all children aged 3-4 years for 12.5 h a week, 25 and this is to be extended to 15 h a week by 2010. 28 Parents of preschool children may find it difficult to find or afford formal childcare that 'wraps around' this free quota, 29 and hence may turn to family members for help. It is well recognized that parents value grandparental care and consider it to be the best alternative to full-time parental care, particularly with respect to the emotional well-being of young children. 30 Our study focused on one aspect of children's physical well-being and found that being cared for by an informal carer may increase the risk of being overweight. Efforts to provide informal carers with relevant support and information are therefore necessary. A recent announcement to provide grandparents with National Insurance credits for caring for grandchildren under the age of 13 years for at least 20 h a week from 2011 31 provides a potential opportunity for such health promotion. Further research analysing childcare practices used in different types of childcare, particularly with respect to diet and physical activity and in different socio-economic groups, may help to target health promotion more effectively. The study sponsors had no part in the design, data analysis and interpretation of this study, in the writing of the manuscript or in the decision to submit the paper for publication, and the authors' work was independent of their funders.
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